In this work we report a novel lanthanide octamolybdate 1D chain type of structure formed with holmium, thulium and lutetium. This is a rare case of compounds built out of [ ) no crystals could be obtained under those conditions. Only when doubling the amount of the lanthanide salt, single crystals suitable for measurements were obtained. These crystals revealed yet a very different structure from those previously observed. Lanthanide octamolybdate 1D chains were formed. Doubling the amount of the salt for other lanthanide ions still yielded heptamolybdate compounds previously reported by us. The lutetium octamolybdate compound was doped with 1-7.5% of Eu 3+ ions yielding emission colors ranging from blue to strong red. Additionally in these materials the excitation wavelength was varied, and it was observed that the materials emission color was excitation-wavelength dependent.
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Introduction
To date, lanthanide materials have found many interesting applications relaying on their luminescence, catalytic and magnetic properties. [1] [2] [3] [4] [5] [6] The luminescence properties of these ions result from transitions within the partially filled 4f shells. These transitions are parity-forbidden; therefore lanthanides have low molar absorption coefficients and relatively long decay times. 3 To overcome the problem of low molar absorption coefficients various inorganic materials, where the lanthanide can be excited through a charge-transfer band, or hybrid materials, such as beta-diketonate complexes, crown ether complexes or Metal Organic Frameworks (MOFs), have been designed. Also, lacunary or defect polyoxometalates (POMs) can act as inorganic polydentate O-donor ligands, forming LnPOM complexes with novel properties differing from inorganic phosphors and hybrid materials obtained with organic ligands. 7, 8 POMs are clusters of early transition metals (such as Mo, W, V, and As) in a high oxidation state and they show a large variety in their size, shape and nuclearity. POMs can be divided into iso-polyanions and hetero-polyanions. Among some of the most known POMs are the Keggin-type, Dawsontype and Anderson-type POMs. 7 Lanthanides can bind to POMs forming either mono-or multinuclear compounds. 9 In
LnPOMs the emission can be sensitized by photo-excitation of the O → M (M = Mo, W, V, As) ligand-to-metal charge transfer band of the POM and intramolecular energy transfer from the resulting O → M excited state to excited energy levels of the lanthanides. POMs bonded to lanthanide ions have shown an interesting variety of structures ranging from mononuclear sandwich types structures, to multinuclear clusters, 1D-chains and even 3D frameworks. 
Characterization
For the structures of the octamolybdate 1D-chains, X-ray intensity data were collected at 100 K, on a Rigaku Oxford Diffraction Supernova Dual Source (Cu at zero) diffractometer equipped with an Atlas CCD detector using ω scans and MoKα (λ = 0.71073 Å) and CuKα (λ = 1.54184 Å) radiation, for the Lu-, TmPOMs and HoPOM, respectively. The images were interpreted and integrated with the program CrysAlisPro. 23 Using
Olex2 the structures were solved by direct methods using the ShelXS structure solution program and refined by full-matrix least-squares on F 2 using the ShelXL program package. In order to compare the measurements, the same amounts of powders were used, as well as the same settings for each measurement (same slit size, step, and dwell time). All of the excitation spectra are recorded observing the strongest f-f emission peak. All emission spectra in the manuscript have been corrected for detector response. For all of the compounds the luminescence decay curves were measured when excited into the broad LMCT band and monitored at the appropriate wavelength ( 5 D 0 → 7 F 2 transition peak). All of the decay curves could be well fitted using a biexponential function (eqn (1)).
where I represents the luminescence intensity and A 1 and A 2 are constants, t is time and τ 1 and τ 2 are the luminescence lifetimes.
Results and discussion

Synthesis and characterization
All 1D chain LnPOMs were obtained under mild reaction conditions, employing a simple 30-minute synthesis. Single crystals were obtained through vapor diffusion of methanol into Extracted diffractograms, based on single-crystal data collection, are presented (at RT and 100 K). A simulated diffractogram, based on the crystal structure of the LuPOM is included.
cm
were determined using XRF. A table overviewing the results can be found in the ESI (Table S1 †) .
Crystal structures
Compounds HoPOM, TmPOM and LuPOM are isostructural and crystallize in the triclinic space group P1; therefore only compound LuPOM will be described in detail. The data collection and refinement statistics for all three compounds are presented in Table S2 . ions. A 1D polymeric chain is generated along the [101] direction. The crystal structure of the LuPOM is presented in Fig. 2  and 3 .
Luminescence properties
The room temperature luminescence properties of the HoPOM, TmPOM, and LuPOM, as well as the Eu 3+ doped LuPOM 1D chains, were investigated. In the case of the HoPOM and TmPOM no characteristic f-f transitions of Ho
3+
or Tm 3+ , respectively, were observed in the spectra (see ESI Fig. S2a and b †) . Only the O → Mo charge transfer bands were detected in the excitation and emission spectra. Lu 3+ is a silent lanthanide; therefore no emission from the LuPOM was expected (Fig. S2c †) . We doped the LuPOM compound with different percentages of Eu 3+ ions (1%, 2.5%, 5%, and 7.5%)
in an attempt to obtain red-emitting LuPOM 1D chains. A strong emission signal from Eu 3+ could be obtained for the LuPOM doped with 7.5% Eu 3+ ions. A combined excitation-emission spectrum of this sample is presented in Fig. 4 . In the excitation band a strong broad band between 250 and 400 nm, with a maximum at 317.0 nm is observed. Several additional ff transition peaks were detected in the excitation spectrum (see assignment of peaks in Table 1 ). As mentioned earlier we also doped the LuPOM material with 1%, 2.5%, and 5% Eu 3+ ions. In the emission spectra of these samples aside from the characteristic Eu 3+ peaks we observed the presence of a broad charge transfer band, which indicates incomplete energy transfer to the Eu 3+ ions upon lower doping (Fig. 5) . The excitation spectra for the 1%, 2.5%, and 5% Eu 3+ doped samples are presented in Fig. S3a- Fig . 5 Emission spectra with rainbows fitted underneath the curves of (a) 1% Eu:LuPOM, (b) 2.5% Eu:LuPOM, and (c) 5% Eu:LuPOM (in all cases the emission spectrum was recorded when excited into the maximum of the LMCT band). The exact CIE coordinates are given in Table S3 † for 2.5% Eu:LuPOM and Table S4 † for 5% Eu:LuPOM. Emission maps presenting the emission spectra at different wavelengths can be found in Fig. 7 and 8 for 2.5% Eu:LuPOM and 5% Eu:LuPOM, respectively. The decay times of these compounds were also investigated, and similar to what was observed for the 7.5% Eu:LuPOM the decay profiles could be fitted well using a biexponential function, where shorter and longer components were visible. An overview of the decay time values for all the compounds has been presented in 
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